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Abstract 

Energy conswption fell slightly in California during 1980. In 

view of an increase in population on the order of 375,000 the per 

capita eonsqtion fell even more, but less than 4%. 

Transmitted electric power remained near 1979 levels, but oil as a 

electrical generating fuel declined dramatically (40%). 

natural gas and hydropower were used to generate electricity. 

winters in 1979-80 and 1980-81 made unusual amounts of natural gas 

available for that purpose. Both California and out-of-state sources 

of hydropower increased during 1980. Electricity from out-of-state 

coal fired plants also increased slightly. 

nuclear plant resulted in a 47% decrease in electricity from one of 

the two commercial nuclear plants operating in California in 1980. 

In its stead 

Mild 

Problems at San Onofre 

Decreased oil use also had a clear expression in the 

transportation end use sector. Gasoline consmption dropped 4% as it 

had in 1979 as well. Sales of vessel bunkering fuels increased as 

part of a trend related to larger amounts of heavy oils from local and 

Alaskan sources being refined in the state and decreased use of 

lighter Indonesian oils. 

Residential/comnercial usage dropped 5% during 1980 as a 

consequence of price driven conservation and mild weather. 

contrast, the industrial sector increased its energy consunption by 6%. 

By 

California’s overall energy use pattern continues to differ 

substantially from that of the U.S. as a whole. The dedication of 

large amounts of fossil fuels to transportation, the total absence of 





coal-fired plants for power production in the state and the larger 

shore of oil and natural gas used for electrical power generation are 

among California’s energy situation’s distinguishing features. 

1980, combined use of oil and gas declined for the first time in some 

years by 4%. 

In 

The national average decline for 1980 was 7%. 



I N ~ ~ I O N  

Energy flow diagrams for California prepared for 1974, 1976, 1977, 

1978, and 1979 by mnerrbers of Energy and Resource Planning Group at the 

Lawrence Livermore National Laboratory have proven to be useful tools 

in assessing supply and end use of energy in the state. 1-5 To 

assure uniformity with other years as far as possible, the same 

sources and conventions were used for the 1980 California energy flow 

diagram presented here. (Figure 1) .  

To this end we have also used the same conversion efficiencies as 

used in construction of past energy flow diagrams. For conversions to 

electrical power they are asswed to be 90% (hydro-electricity), 30% 

(coal), 18% (geotheml), 33% (oil and gas) and 32% (nuclear). 

AsslPned efficiency for transportation is 25% which is the approximte 

efficiency of the internal canbustion engine. 

and 75% were arbitrarily assuned in residential/comnercial and 

As in past years 70% 

industrial end use sectors respectively. 

detailed description of howmjor end use sector efficiencies were 

See Ref. 2 for a more 

determined. 

Source of Data 

Tables 1 and 2 list the supply and end use sources. Most of the 

data were compiled fran the California Energy Carmission (CEC) 

Quarterly Fuel and Energy Sunnaries. 

State Oil and Gas Supervisor provided crude oil and natural gas 

production figures (347 million barrels of oil and 311 l3CF of gas) 

including production from federal offshore fields (10 million barrels 

and 6 BCF). 

The 66th Annual Report of the 
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Table 1 
Ikta Sources for California Energy Supply (1980) 

Production 
Crude Oil including Federal 
Offshore and Lease Condensate 

Associated and Nonassociated 
Natural Gas 

Electrical Generation (hydro, coal, 
nuclear, oil, gas, geothermal) 

Imports 
Natural Gas 

Foreign and Danestic 

Crude Oil 
Foreign and m s t i c  

Oil Products 
Foreign and D3mestic 

Coa 1 

Electrical Power 

Exports 
Oil Products 

Foreign and 13anestic 
(not including bunkering 
fuels supplied at California 
ports) 

.Ref. 6 

Ref.  6 

Ref. 7, Tables A, B, & C  

Ref. 7, Table A 

Kef. 7 ,  Table I 

Kef. 7, Table M 

Kef .  8, Table 10 

R e f .  7, Table A 

Kef. 7, Table N 

- 6 -  



Table 2 

Data Sources for California End Uses (1980) 

Net Storage and Field Use 
Natural Gas 

Transportation 
Crude Oil 

Refinery ou put of gaso ine, 
aviation fuel and jet fuels 

Taxable diesel fuel (i.e. for 
pub1 ic highways) 

He€. 7, Tables A & F 

R e f .  7, Table K 

Ref. 9 

Vessel Bunkering Ref. 10, Table 8 
(includes international bunkering) 

Fxports of gasoline, jet fuel 

Rail diesel 
Mi 1 i tary Use 

Natural Gas 
Lost or unaccounted for fran gas 
uti 1 it ies (transmission 
and pipeline) 

Ref. 7, Table N 

Ref. 10, Table 8 

Kef. 10, Table 9 

Ref. 7, Table D 

Industrial, GOvernnent, Agriculture, etc. 

Natural gas by difference 
Coa 1 

Ref. 8, Table 10 

Electricity 
Crude Oi 1 

Kef. 7, Table C 

by difference 



Data Sources for California End Uses (1980) 

Non Energy App 1 icat ions 
Crude Oil and L E  

Asphalt 
Petrochemical feedstock 
Waxes, lubricating oils, 
medicinal uses, cleaning 

Natural Gas 

Fertilizer 

Residential and Snall Cormrcial 
Natural Gas 

Crude Oil and Other Oils (heating) 
Kerosene, Residual and Distillate 

LPG 

Miscellaneous "off highway" diesel 

Electricity 

Cont'd 

Ref.  11, Table 2 

R e f .  7, Table K 

1/3 of asphalt & road oil 
totals Ref. 4 

Estimated from 1979 

Ref. 7, Table D 

Ref. 10, Tables 4 & 5 

Ref. 7, Table E 

Ref. 10, Table 11 

Ref. 7, Table L3 
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AGGfUXATION OF LATA 

As in past years the flow diagram chines residential, cannercial and firm 

industrial custaners, all with highest priority among utility customers. 

Interruptible industrial customers make up another large end use sector. The 

category called "Non-energy" use includes petrochemicals, asphalt, waxes, 

fertilizer etc.; these uses produce neither heat nor mechanical work. 

Out-of-state hydro-electric power is fran the Pacific Northwest (Bonneville 

Power Actninistration) and the Southwest (principally Hoover and Davis Darns on the 

Colorado River). The transmitted electrical power fran inported hydro sources was 

derived fran tne net exchange in interstate transfers; power from odt-of-state 

coal-fired plants is recorded separately by the CEC. 

Out-of-state coal fired plants are at Four Corners, Farmington, New Mexico; the 

Navaho Plant at Page, Arizona; and the Mohave Plant, Nevada. 

Conversion frcm fuel quantities to Btu was mtde using U.S. Bureau of Mines 

factors given in the Appendix. 

Ct3VPARISON WITH 1979 AM> PAST YEARS 

Table 3 (tabulated in part fran Fig. 1 and Fig. 2)  provides a quick 

conparison of energy consumption in the 1976-1980 period. 1980 was considerably 

warmer than the "normal" (Table 4) especially in the Southern part of the state. 

Electric utilities (lowest priority user -- Priority 5)  burned 17%mre natural 

gas to produce electricity than in  1979, following a pattern initiated in 1979 

when use for electrical generation increased 47%. 



Table 3 
Cbparison of Annual Energy Use in California 

(in Btu) 
% Change 

1976 1977 1978 1979 1980 1979 vs 1980 
1980 
Natural Gas 

Crude Oil 
1844 1831 1724 1971 1910 -3.1 
3886 4516 4379 4587 4391 -4.3 

California Source 1921 2027 2014 2044 2071 +1.3 
Foreign Imports 1606 1875 940 785 59 1 -24.7 
Other U.S. 359 614 1425 1758 1729 -1.6 
Danestic/Foreign Exports 630 796 598 620 557 
Net Use 3256 3720 3781 3967 3834 

Electricity 
Imports" 
Irrpor t s** 

Hydroelectric 
Geothermal and Other 
Nuclear 
Gas 
Oi 1 
Total Fuel 
Total Transmitted Energy 

Res identai 1 /cannerc i a1 /f i rm 
industrial 

158 100 121 92 137 
267 208 203 193 252 

94 54 144 134 164 
79 63 54 71 93 
51 84 81 96 51 
358 380 312 458 534 
619 806 619 640 39 1 

1413 1595 1413 1592 1485 
577 574 597 61 7 622 

1406 1253 1321 1398 1334 

Industrial 1162 1248 1088 1216 1294 

Nonene r gy 222 221 239 304 298 

Transportation 2004 2199 2438 2478 2471 

-10.2 
-3.4 

+48.9 
+30.6 

+22.4 
+31.0 
-46.9 
+16.6 
-38.9 
- 6.7 
+ 1.0 

- 4.6 

+ 6.4 

- 2.0 

- 0.3 

* As imported iNbh (not energy-fuel equivalents) 
** As hydroelectric power or coal before conversion to electricity 
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1958 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

Norma 1 

1941-70 

Table 4 

wEA?HER mviPAR1m 

1958- 1980 

ANNUAL HEATING IIIEcbtEE DAYS* 

San Francisco 
Federal Office 

Bui ldinv 

2332 
2978 
2942 
3066 
3006 
3468 
3240 
3161 
3182 
3313 
2665 
2888 
2599 
2545 

2799 

Los Angeles 
Civic Center 

849 
1040 
850 
1032 
94 1 
1424 
918 
1066 
1084 
1548 
1128 
91 1 
1208 
1160 
597 

3080 1245 

*Source: Local Climatological Data, for  San Francisco, 
Los Angeles, and San Diego. 

National Oceanic and Atmospheric Ministration 
National Climatic Center 
Ashevi 1 le, N.C. 

San Diego 
L i ndbe rgh 
Field 

805 
1380 
1052 
1145 
1137 
1657 
1166 
1137 
1123 
1416 
793 
747 
736 
902 
590 

1507 
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The increase reflects the enactment of the Natural Gas Policy Act of 1978 

which eliminated the two-tier price structure between interstate and 

intrastate gas. 

intrastate producers. In addition the cqarative warm winters of 1979-80 

and 1980-81 resulted in low demand in the residential and comnercial sectors 

during peak periods thereby freeing natural gas for  electrical generation. 

This also resulted in a dramatic decrease in use of oil for power production 

- down 39%. Hydropower dedicated in other states and irrported as electrical 

energy and hydropower generated within the state contributed substantially 

Inore to electrical power resources than in 1979. Installed geothermal 

capacity continued to climb. Geothermal power contributed 2-396 to electrical 

demand in California. 

Higher prices brought more gas to California from formr 

California had two nuclear plants in c m r c i a l  operation - Rancho Seco 

(913 W e )  near Sacramento and San Onofre 1 (436 NWe) at San Clmnte. San 

Onofre 2 (436  iWe) and 3 (1100 iWe) were 92 and 63% respectively cqlete in 

1980. Power from the two operating plants was down 47% in 1980. Refueling 

and mintenance outage in April at San Onofre was protracted by discovery of 

steam generator tube corrosion. (12) 

repairs. 

licensing in 1980. 

The reactor was out until December for 

Pacific Gas and Electric Co's Diablo Gmyon continued to await 

The sources of natural gas f o r  the Northern part of the state serviced by 

Pacific Gas &Electric Co. are shown in Table 5. Also included are prices 

associated with the three principal sources over time. Canadian prices in 

1980 were on parity, or near parity, with oil and have influenced gas prices 

from other sources as we11 under 



Year 

1981 

1980 

1979 

1978 

1977 

1976 

1975 

1974 

1973 

1972 

1971 

1970 

We i gh t ed 

Price 

3.351 

3. 173 

2. 234 

1.8g3 

1. 607 

1. 343 

. 973 

. 574 

. 372 

.319 

. 420 

.344 

Table 5 

Source, Shares and Prices of Natural Gas 

to Pacific Gas & Electric Co. at the 

California Border (Prices: $/lo00 cu. ft.) 

Canada 

Price Share 

5.074 

4 563 

2.79 

2 -402 

2.18 

1.9Z1 

1.368 

654 

.44.1 

. 369 

. 327 
-304 

(30.9%) 

(39.7%) 

(45.3%) 

(47.7%) 

(46.6) 

(45%) 

(42.4%) 

(39.5%) 

(38 .0%) 

(36.2%) 

(34.0%) 

(31.1%) 

sw U.S. 

Price Share 

2. 573 

2.299 

1.791 

354 
1.10 

0.83 

. 727 
,558 

a 4 3 0  

. 3g4 

. 375 

. 339 

(49.5%) 

(44.1%) 

(37.6%) 

(35.6%) 

(37.0%) 

(38.2%) 

( 4 1 .4%) 

(43.7%) 

(38.4%) 

40.3% 

(41.2%) 

(43.7) 

California 

Price Share 

2.598 

2.159 

1.736 

1 594 

112.1 

0.961 

. 567 

. 427 

.37() 

. 337 

.317 

30.2 

(19.6%) 

( 1 6.2%) 

(17.1%) 

(16.7%) 

(16.4) 

(16.8%) 

(16.2%) 

(16.8%) 

(23.6%) 

(23.5%) 

(24.8%) 

(25.2%) 

Source: PGBCE Annual Reports 
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phased deregulation allowed under the Natural Gas Policy Act of 1978. 

The weighted average in 1980 was $3.17, per 1000 cu. feet. The 

ceiling under deregulation would probably be set by parity with $32 

per barrel oil or at approximately $5.07 per 1000 cubic feet. 



Alaskan North Slope crude oil supply stayed at 1979 levels. The m x i m  

production at the Prudhoe Bay field allowed by the State of Alaska ( 1 . 5  

million barrels per day) was reached in April, 1980. 

primarily f r m  Indonesia, which is the largest single source at approximately 

76 million barrels, decreased by 25%. This followed a 17% decrease in 1979 

over 1978. Since Alaskan crude oil is lower gravity and higher in sulfur 

content than foreign oil, California refinery output of high sulfur residual 

oil increased and produced a surplus of this product. Refiners reduced the 

price of high sulfur residual oil which attracted ships to refuel in 

California. Hence, Bunker C fuel sales increased 20% in 1980 over 1979. 

Foreign imports, 

Residential/cmrcial and firm industrial usage decreased 5% f r m  1979. 

Mild winter weather contributed to the drop as evidenced by the large 

influence decreased natural gas use had on the total. 

conservation almost certainly also contributed t o  the drop in these end-use 

sectors (Table 5). In matter of fact on a per capita basis usage dropped by a 

larger percent since the state's 

375,000 during 1980 to 23,260,000. 

Price driven 

population is estimated to have increased 

(13) 

Industrial sector end use increased 6%. Use of petroleun increased 11% 

whereas coal, natural gas and electrical input to the industrial sector were 

approximately the same as the previous year. 

Transportation sector total usage showed a small decrease over the past 

year. 

than carpensated for by increased sales of Bunker C fuel (20%). 

bunkering fuels sold in California are used in international traffic. 

break-down between coastal and 

(See Table 6). A decrease in the amount of gasoline use (4%) was m r e  

Much of the 

Since a 
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Table 6 

Transportation End Use 

Net Gasoline 

lqet Aviation Fuel 

Taxable diesel fuel-Public Highway 

Kail diesel 

Net Bunkering 

Mi 1 i tary 

x 10l2 BIV 

1978 79 - I 

1500 1439 1375 

357 350 346 

149 161 160 

35 35 43 

288 358 430 

30 30 32 

- - 
Total 2359 2373 2386 



international traffic is not available, it is included as part of the 

state transportation picture. 

also included in the exports (and inports) shown in Figures 1 and 2. 

These oils are exported for various uses on land - e.g. boiler fuel in 

Pacific Islands or storage for fishing fleets. The quantities of 

Bunker C included i n  the export category are  small ccsnpared to the 

amounts sold for vessel bunkering at California ports. 

Limited amounts of Bunker C oils are 

A drop in the use of aviation fuels reflects in part the Pacific 

Southwest Airline strike September 26 through November 7, 1980. 
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Rf. 14 shows the greater role oil and gas have 

California than in the U.S. In 1980 combined o 

in California. In the U.S. in 1980 by contrast 

ccMpAKIs(3N WI'm U.S. m y  USE 

California's energy mix and consqtion patterns continue to be in 

marked contrast to the nation's. A cqarison of Figure 1 and 3 fran 

n energy production in 

1 and gas use fell 4% 

it fell 7%. Coal 

continues to play a very minor role in the industrial sectors in 

California. There are no coal burning electrical power plants within 

the confines of the state. The importance of oil and gas is a 

reflection on the indigenous industry and the availability of 

supplemental supplies from Western states. The principal use of oil 

in California is in the transportation sector. For this reason light 

oils imported from Indonesia are used in preference to an exclusively 

vely smaller 

refinery distillation 

es greater than 

'30. 

against their use in California's polluted air basins. Fuel oil is 

used sparingly in California for residential and comnercial space 

heating. In the U.S. as a whole about one quarter of all oil consuned 

goes to the residential/cmrcial sector. 

The higher sulfur content of most heavy oils also mitigates 

California/Alaska mix. The latter have a relat 

gasoline/light product output from conventional 

operations than do lighter oils with API gravit 
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APPENDIX: CDNVEKSICN UNITS 

Energy Source Conversion factor, 10 6 Btu 

Electricity 
Coal 
Natural Gas 
LPG 
Crude Oi 1 

Fuel Oi 1 
Residual 
Distillate, including diesel 

Gasoline and Aviation Fuel 
Ke r o s ene 
Asphalt 
Road Oil 
Synthetic Bubber and Miscellaneous 

L E  Products 

3.415 per W . h  

2 2 . 6  per shor t  ton 
1.05 per ILIL'F 

4.01 per barrel 
5 . 8 0  per barrel 

6 .287  per barrel 
5 . 8 2 5  per barrel 
5.248 per barrel 
5 . 6 7  per barrel 
6 . 6 3 6  per barrel 
6 . 6 2 6  per barrel 

4.01 per barrel 
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